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IMAGE FORMING APPARATUS voltage to the charging roller using the charge power supply 
circuit when applying to the developing roller the develop 

CROSS - REFERENCE TO RELATED ment bias of which the alternating current component has 
APPLICATIONS been set , and determines as an applied voltage to the 

5 charging roller corresponding to the desired surface poten 
This application relates to and claims priority rights from tial , the applied voltage at a timing when discharge is 

Japanese Patent Application No . 2015 - 237290 , filed on Dec . detected between the photoconductor drum and the devel 
4 , 2015 , the entire disclosures of which are hereby incor - oping roller . 
porated by reference herein . These and other objects , features and advantages of the 

present disclosure will become more apparent upon reading BACKGROUND of the following detailed description along with the accom 
panied drawings . 1 . Field of the Present Disclosure 

The present disclosure relates to an image forming appa BRIEF DESCRIPTION OF THE DRAWINGS ratus . 
2 . Description of the Related Art FIG . 1 shows a side view that indicates an internal An electrophotographic development system charges a mechanical configuration of an image forming apparatus in surface of a photoconductor drum using a charging roller . 

Such process may apply to the charging roller ( a ) a charging an embodiment according to the present disclosure ; 
voltage obtained by adding a direct current voltage and an 20 O FIG . 2 shows a block diagram that indicates an electronic 
alternating current to each other or ( b ) a direct current configuration of the image forming apparatus in the embodi 
voltage as a charging voltage . ment according to the present disclosure ; 
When charging a charging voltage obtained by adding a FIG . 3 shows a flowchart that explains a behavior of the 

direct current voltage and an alternating current to each image forming apparatus shown in FIGS . 1 and 2 ; 
other to the charging roller , a surface potential of the 25 FIG . 4 is a timing chart that explains determination of a 
photoconductor drum is set as a desired potential by detect - discharge voltage Vdo in the image forming apparatus 
ing a current that flows into the charging roller and adjusting shown in FIGS . 1 and 2 ; 
the detected current . FIG . 5 is a timing chart that explains determination of an 

A characteristic of the photoconductor drum varies due to applied voltage to a charging roller 21 corresponding to a 
aging of the photoconductor drum , an environmental con - 30 desired surface potential Vs of the photoconductor drum in 
dition ( machine outer temperature , machine outer humidity the image forming apparatus shown in FIGS . 1 and 2 ( 1 / 2 ) ; 
and / or the like ) , a usage situation ( continuous usage time by and 
now , the number of continuous printing paper sheets , and / or FIG . 6 is a timing chart that explains determination of an 
the like ) , and the like , and thereby the flowing current into applied voltage to a charging roller 21 corresponding to a 
the charging roller is changed to set the surface potential of 35 desired surface potential Vs of the photoconductor drum in 
the photo conductor drum as a desired potential , and con - the image forming apparatus shown in FIGS . 1 and 2 ( 2 / 2 ) . 
sequently it is difficult to properly set the surface potential 
of the photoconductor drum on the basis of the flowing DETAILED DESCRIPTION 
current and the like . 

It should be noted that it is possible to properly set the 40 Hereinafter , an embodiment according to an aspect of the 
surface potential of the photoconductor drum using a surface present disclosure will be explained with reference to draw 
potential sensor , but such surface potential sensor is costly ings . 
and therefore if such surface potential sensor is installed FIG . 1 shows a side view that indicates an internal 
then the image forming apparatus is also costly . mechanical configuration of an image forming apparatus in 

45 an embodiment according to the present disclosure . FIG . 2 
SUMMARY shows a block diagram that indicates an electronic configu 

ration of the image forming apparatus in the embodiment 
An image forming apparatus according to an aspect of the according to the present disclosure . 

present disclosure includes a photoconductor drum ; a charg - The image forming apparatus shown in FIGS . 1 and 2 is 
ing roller configured to charge a surface of the photocon - 50 an apparatus having an electrophotographic printing func 
ductor drum ; a developing roller ; a charge power supply tion , such as a printer , a facsimile machine , a copier , or a 
circuit configured to apply a direct current voltage to the multi function peripheral . The image forming apparatus in 
charging roller ; a development bias power supply circuit the present embodiment includes a tandem - type color devel 
configured to apply a development bias to the developing opment device . For each color of Cyan , Magenta , Yellow 
roller ; and a controller configured to control the charge 55 and Black , this color development device includes a photo 
power supply circuit and the development bias power supply conductor drum 1 , a charging device 2 , an exposure device 
circuit . The controller ( a ) increases the development bias 3 , a development device 4 , a transfer roller 5 , a cleaning unit 
using the development bias power supply circuit when a 6 , and an unshown static electricity eliminator . 
surface potential of the photoconductor drum is 0 Volt , and In FIG . 1 , the photoconductor drum 1 is a cylindrically 
determines a level of the development bias as a discharge 60 shaped photoconductor and image carrier that an electro 
voltage at a timing when discharge is detected between the static latent image is formed on a surface thereof by the 
photoconductor drum and the developing roller , ( b ) sets an exposure device 3 . As the photoconductor drum 1 , an 
alternating current component of the development bias using inorganic photoconductor is used such as an amorphous 
the development bias power supply circuit so as to make a silicon photoconductor . 
lowest level of the development bias equal to a level lower 65 The charging device 2 includes a charging roller 21 and 
by the discharge voltage than a desired surface potential of charges a surface of the photoconductor drum 1 on the basis 
the photoconductor drum , and ( c ) increases an applied of a process condition using the charging roller 21 . 
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The exposure device 3 is a device that irradiates laser light opment bias power supply circuit 33 so as to make a lowest 
to the photoconductor drum 1 and thereby forms an elec level VDL of the development bias equal to a level lower by 
trostatic latent image . The exposure device 3 includes a laser the discharge voltage Vdo than a desired surface potential 
diode as a light source of the laser light , and optical elements Vs of the photoconductor drum 1 , and ( c ) increases an 
( such as lens , mirror and polygon mirror ) that guide the laser 5 applied voltage to the charging roller 21 using the charge 
light to the photoconductor drum 1 . power supply circuit 32 when applying to the developing 

The development device 4 includes a developing roller 22 roller 22 the development bias of which the alternating 
made of a conductive material , and moves toner supplied current component has been set , and determines as an 
from an unshown toner container from the developing roller applied voltage Vc0 to the charging roller 21 corresponding 
22 to the electrostatic latent image on the photoconductor 10 to the desired surface potential Vs , the applied voltage Vc at 
drum 1 and thereby develops the electrostatic latent image a timing when discharge is detected between the photocon 
with the toner and forms a toner image based on a process ductor drum 1 and the developing roller 22 . 
condition . For example , the controller 31 measures a conducting 

The transfer roller 5 transfers the toner image on the photo current between the development bias power supply circuit 
conductor drum 1 to an intermediate transfer belt 7 . The 15 33 and the developing roller 22 and detects the discharge 
cleaning unit 6 collects residual toner on the photoconductor between the photo conductor drum 1 and the developing 
drum 1 after the transfer of the toner image to the interme - roller on the basis of a measured value of the conducting 
diate transfer belt 7 . The intermediate transfer belt 7 is a current . 
loop - shaped intermediate transfer member that contacts the In the present embodiment , the controller 31 stepwisely 
photoconductor drum 1 , and onto which the toner image on 20 increases a peak - to - peak value or a duty of an alternating 
the photoconductor drum 1 is transferred . The intermediate current component of the development bias Vd at each time 
transfer belt 7 is hitched around a driving roller and the like , when the developing roller 22 rotates predetermined plural 
and rotates by driving force of the driving roller . times ( e . g . twice , but may be once ) , and determines a level 

A density sensor 8 is a reflection type density sensor that of the development bias Vd as the discharge Vd0 voltage at 
irradiates light to the intermediate transfer belt 7 and detects 25 a timing when discharge is detected predetermined plural 
its reflection light , and thereby detects a density of the toner times between the photoconductor drum 1 and the develop 
image on the intermediate transfer belt 7 . ing roller 22 in a period while the peak - to - peak value or the 

A transfer roller 12 causes a paper sheet conveyed from a duty of the alternating current component of the develop 
paper feeding unit 11 to contact the intermediate transfer belt ment bias is set to be constant . 
7 , and transfers the toner image on the intermediate transfer 30 Further , in the present embodiment , the controller 31 
belt 7 to the paper sheet . The paper sheet on which the toner stepwisely increases the applied voltage Vc to the charging 
image has been transferred is transported to a fuser unit 13 roller 21 at each time when the developing roller 22 rotates 
and the toner image is fixed . predetermined plural times ( e . g . twice , but may be once ) , 

In FIG . 2 , a controller 31 is electronically connected to a and determines as the applied voltage Vc0 to the charging 
driving circuit that drives a motor to actuate the photocon - 35 roller 22 corresponding to the desired surface potential Vs , 
ductor drum 1 , the intermediate transfer belt 7 or the like , the the applied voltage Vc at a timing when discharge is 
density sensor 8 , the charging device 2 , the exposure device detected predetermined plural times between the photocon 
3 , the development device 4 and the like , and controls these ductor drum 1 and the developing roller 22 in a period while 
components and thereby performs a print process that the applied voltage Vc is set to be constant . 
includes forming an electrostatic latent image and develop - 40 Furthermore , in the present embodiment , the controller 
ing a toner image in accordance with a currently set process sets a peak - to - peak value of the alternating current compo 
condition . The controller 31 is embodied using a processor n ent of the development bias or a duty of the alternating 
such as a CPU ( Central Processing Unit ) or an MPU current component of the development bias using the devel 
( Microprocessing Unit ) , an ASIC ( Application Specific Inte opment bias power supply circuit 33 so as to make a lowest 
grated Circuit ) and / or the like . 45 level VDL of the development bias equal to a level lower by 

A charge power supply circuit 32 is a power supply circuit a discharge voltage Vd0 than a desired surface potential Vs 
that applies a direct current voltage Vc specified by the of the photoconductor drum 1 . 
controller 31 to the charging roller 21 . The charge power When performing a print process for an image based on 
supply circuit 32 does not apply an alternating current image data , the controller 31 applies the determined voltage 
voltage to the charging roller 21 . 50 to the charging roller 21 using the charge power supply 

A development bias power supply circuit 33 is a power circuit 32 and thereby sets a surface potential of the photo 
supply circuit that applies a development bias Vd specified conductor drum 1 as a desired surface potential Vs . It should 
by the controller 31 to the developing roller 22 . The devel - be noted that the development bias in a print process of an 
opment bias power supply circuit 33 applies to the devel - image based on image data is appropriately determined in 
oping roller 22 the development bias Vd obtained by adding 55 accordance with a process condition . 
a direct current voltage and an alternating current voltage The following part explains a behavior of the aforemen 
( e . g . a square wave in this embodiment ) specified by the tioned image forming apparatus for determining an applied 
controller 31 to each other . voltage to the charging roller 21 so as to set a surface 

The controller 31 controls the charge power supply circuit potential of the photoconductor drum 1 as a desired surface 
32 and the development bias power supply circuit 33 , and 60 potential Vs . FIG . 3 shows a flowchart that explains a 
thereby ( a ) increases the development bias using the devel - behavior of the image forming apparatus shown in FIGS . 1 
opment bias power supply circuit 33 when a surface poten - and 2 . 
tial of the photoconductor drum 1 is 0 Volt , and determines Firstly , the controller 31 determines a discharge voltage 
a level of the development bias as a discharge voltage Vdo Vdo between the photoconductor drum 1 and the developing 
when discharge is detected between the photoconductor 65 roller 22 in Steps S1 to S3 ) . FIG . 4 is a timing chart that 
drum 1 and the developing roller 22 , ( b ) sets an alternating explains determination of a discharge voltage Vdo in the 
current component of the development bias using the devel image forming apparatus shown in FIGS . 1 and 2 . 
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The controller 31 sets a surface potential of the photo surface potential Vs , the applied voltage Vc at a timing when 
conductor drum 1 as 0 Volt ( i . e . a ground level ) using the discharge is detected between the photoconductor drum 1 
charge power supply circuit 32 ( in Step S1 ) . and the developing roller 22 . 

Subsequently , the controller 31 increases the development Consequently , without using a surface potential sensor , a 
bias Vd using the development bias power supply circuit 33 5 surface potential of the photoconductor drum is properly set . 
( in Step S2 ) . For example , the controller 31 increases a It should be understood that various changes and modi 
peak - to - peak value of an alternating current component of fications to the embodiments described herein will be appar 
the development bias Vd gradually from a predetermined ent to those skilled in the art . Such changes and modifica 
value as shown in FIG . 4 . tions may be made without departing from the spirit and 

In this process , when detecting discharge between the 10 scope of the present subject matter and without diminishing 
its intended advantages . It is therefore intended that such photoconductor drum 1 and the developing roller 22 , the changes and modifications be covered by the appended controller 31 determines a level of the development bias Vd claims . at a timing when the discharge is detected ( i . e . a maximum What is claimed is : 

value of the development bias wave form ) as the discharge 151 . An image forming apparatus , comprising : 
voltage Vdo ( in Step S3 ) . a photoconductor drum ; 

Subsequently , the controller 31 determines an applied a charging roller configured to charge a surface of the voltage to the charging roller 21 corresponding to a desired photoconductor drum ; 
surface potential Vs of the photoconductor drum 1 ( in Steps a developing roller ; 
S4 to S7 ) . FIGS . 5 and 6 are timing charts that explain 20 a charge power supply circuit configured to apply a direct 
determination of an applied voltage to a charging roller 21 current voltage to the charging roller ; 
corresponding to a desired surface potential Vs of the a development bias power supply circuit configured to 
photoconductor drum in the image forming apparatus shown apply a development bias to the developing roller ; and 
in FIGS . 1 and 2 . a controller configured to control the charge power supply 

Firstly , as shown in FIG . 5 , the controller 31 sets an 25 circuit and the development bias power supply circuit ; 
alternating current component of the development bias using wherein the controller ( a ) increases the development bias 
the development bias power supply circuit 33 so as to make using the development bias power supply circuit when 
a lowest level VDL of the development bias ( i . e . a minimum a surface potential of the photoconductor drum is OV , 

and determines a level of the development bias as a value of the development bias wave form ) equal to a level 
lower by a discharge voltage Vdo than a desired surface 30 discharge voltage at a timing when discharge is 

detected between the photoconductor drum and the potential Vs of the photoconductor drum 1 ( in Step S4 ) . 
Subsequently , as shown in FIG . 6 , the controller 31 developing roller , ( b ) sets an alternating current com 

ponent of the development bias using the development 
increases an applied voltage to the charging roller 21 gradu bias power supply circuit so as to make a lowest level ally from a predetermined level using the charge power 25 of the development bias equal to a difference between supply circuit 32 ( in Step S5 ) . a desired surface potential of the photoconductor drum 

In this process , when detecting discharge between the and the discharge voltage , and ( c ) increases an applied photoconductor drum 1 and the developing roller 22 ( in Step voltage to the charging roller using the charge power 
S6 ) , the controller 31 determines as an applied voltage Vc0 supply circuit when applying to the developing roller 
to the charging roller 21 corresponding to the desired surface 40 the development bias of which the alternating current 
potential Vs the applied voltage Vc at a timing when the component has been set , and determines as an applied 
discharge is detected ( in Step S7 ) . voltage to the charging roller corresponding to the 

Specifically , since the lowest value VdL of the develop desired surface potential of the photoconductor drum , 
ment bias is set so as to be lower by the discharge voltage the applied voltage to the charging roller at a timing 
Vdo than the desired surface potential Vs of the photocon - 45 when discharge is detected between the photoconduc 
ductor drum 1 , applying this applied voltage Vc0 to the tor drum and the developing roller . 
charging roller 21 causes a surface potential V of the 2 . The image forming apparatus according to claim 1 , 
photoconductor drum 1 at the discharge to be equal to the wherein when the controller increases the development bias , 
desired surface voltage Vs ( i . e . V = VdL + Vd0 = ( Vs - Vd0 ) + the controller stepwisely increases the development bias 
Vd0 = Vs ) . 50 each time the developing roller rotates predetermined plural 

In the aforementioned embodiment , the controller 31 ( a ) times , and wherein when the controller determines the level 
increases the development bias using the development bias of the development bias as the discharge voltage , discharge 
power supply circuit 33 when a surface potential of the is detected predetermined plural times between the photo 
photoconductor drum 1 is 0 Volt , and determines a level of conductor drum and the developing roller . 
the development bias as a discharge voltage Vdo when 55 3 . The image forming apparatus according to claim 1 , 
discharge is detected between the photoconductor drum 1 wherein when the controller increases the applied voltage to 
and the developing roller 22 , ( b ) sets an alternating current the charging roller , the controller stepwisely increases the 
component of the development bias using the development applied voltage to the charging roller each time the devel 
bias power supply circuit 33 so as to make a lowest level oping roller rotates predetermined plural times , and wherein 
VDL of the development bias equal to a level lower by the 60 when the controller determines the applied voltage to the 
discharge voltage Vdo than a desired surface potential Vs of charging roller corresponding to the desired surface poten 
the photoconductor drum 1 , and ( c ) increases an applied tial of the photoconductor drum , discharge is detected pre 
voltage to the charging roller 21 using the charge power determined plural times between the photoconductor drum 
supply circuit 32 when applying to the developing roller 22 and the developing roller . 
the development bias of which the alternating current com - 65 4 . The image forming apparatus according to claim 1 , 
ponent has been set , and determines as an applied voltage wherein the controller sets a peak - to - peak value of the 
Vc0 to the charging roller 21 corresponding to the desired alternating current component of the development bias or a 
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duty of the alternating current component of the develop 
ment bias using the development bias power supply circuit 
so as to make the lowest level of the development bias equal 
to the difference between the desired surface potential of the 
photoconductor drum and the discharge voltage . 5 

* * * * 


